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Software Distribution and Availability Statement
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that was developed by the Hydrologic Engineering Center for the U.S. Army
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services for a fee. However, we will respond to all documented instances of
program errors. Documented errors are bugs in the software due to
programming mistakes not model problems due to user-entered data.
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Foreward

Foreword

The U.S. Army Corps of Engineers’ River Analysis System (HEC-RAS) is
software that allows you to perform one-dimensional steady and unsteady
flow river hydraulics calculations, sediment transport-mobile bed modeling,
and water temperature analysis. The HEC-RAS software supersedes the HEC-
2 river hydraulics package, which was a one-dimensional, steady flow water
surface profiles program. The HEC-RAS software is a significant advancement
over HEC-2 in terms of both hydraulic engineering and computer science.

This software is a product of the Corps’ Civil Works System Wide Water
Resources Research Program (SWWRP).

The first version of HEC-RAS (version 1.0) was released in July of 1995.
Since that time there have been several releases of this software package,
including versions: 1.1; 1.2; 2.0; 2.1; 2.2; 3.0, 3.1, and now version 4.0 in
March of 2008.

The HEC-RAS software was developed at the Hydrologic Engineering Center
(HEC), which is a division of the Institute for Water Resources (IWR), U.S.
Army Corps of Engineers. The software was designed by Mr. Gary W.
Brunner, leader of the HEC-RAS development team. The user interface and
graphics were programmed by Mr. Mark R. Jensen. The steady flow water
surface profiles computational module, sediment transport computations, and
a large portion of the unsteady flow computations modules was programmed
by Mr. Steven S. Piper. The sediment transport interface module was
programmed by Mr. Stanford Gibson. Special thanks to Mr. Tony Thomas
(Author of HEC-6 and HEC-6T) for his assistance in developing the sediment
transport routines used in HEC-RAS. The water quality computational
modules were designed and developed by Dr. Cindy Lowney and Mr. Mark R.
Jensen. The interface for channel design/modifications was programmed by
Mr. Cameron Ackerman. The unsteady flow equation solver was developed by
Dr. Robert L. Barkau (Author of UNET and HEC-UNET). The stable channel
design functions were programmed by Mr. Chris R. Goodell. The routines that
import HEC-2 and UNET data were developed by Ms. Joan Klipsch. The
routines for modeling ice cover and wide river ice jams were developed by Mr.
Steven F. Daly of the Cold Regions Research and Engineering Laboratory
(CRREL).

Many of the HEC staff made contributions in the development of this software,
including: Vern R. Bonner, Richard Hayes, John Peters, Al Montalvo, and
Michael Gee. Mr. Jeff Harris was the Chief of the H&H Division, and Mr. Chris
Dunn was the director during the development of this version of the software.

This manual was written by John C. Warner, Gary W. Brunner, Brent C. Wolfe,
and Steven S. Piper.






Introduction

Introduction

Welcome to the Hydrologic Engineering Center's River Analysis System (HEC-
RAS). This software allows you to perform one-dimensional steady flow,
unsteady flow, and sediment transport calculations (The current version of
HEC-RAS can only perform steady flow calculations. Unsteady flow and
sediment transport will be added in future versions).

The HEC-RAS modeling system was developed as a part of the Hydrologic
Engineering Center's "Next Generation" (NexGen) of hydrologic engineering
software. The NexGen project encompasses several aspects of hydrologic
engineering, including: rainfall-runoff analysis; river hydraulics; reservoir
system simulation; flood damage analysis; and real-time river forecasting for
reservoir operations.

This introduction discusses the documentation for HEC-RAS and provides an
overview of this manual.

Contents

¢ HEC-RAS Documentation

e Overview of this Manual

Xi
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HEC-RAS Documentation

The HEC-RAS package includes several documents. Each document is
designed to help the user learn to use a particular aspect of the modeling
system. The documentation is arranged in the following three categories:

Documentation Description

User's Manual This manual is a guide to using HEC-RAS. The
manual provides an introduction and overview of
the modeling system, installation instructions, how
to get started, simple examples, detailed
descriptions of each of the major modeling
components, and how to view graphical and tabular
output.

Hydraulic Reference Manual  This manual describes the theory and data
requirements for the hydraulic calculations
performed by HEC-RAS. Equations are presented
along with the assumptions used in their derivation.
Discussions are provided on how to estimate model
parameters, as well as guidelines on various
modeling approaches.

Applications Guide This document contains examples that demonstrate
various aspects of HEC-RAS. Each example consists
of a problem statement, data requirements, general
outline of solution steps, displays of key input and
output screens, and discussions of important
modeling aspects.

Overview of this Manual

Xii

This Applications Guide contains written descriptions of 17 examples that
demonstrate the main features of the HEC-RAS program. The project data
files for the examples are contained on the HEC-RAS program distribution
diskettes, and will be written to the HEC\RAS\STEADY and
HEC\RAS\UNSTEADY directories when the program is installed. The
discussions in this manual contain detailed descriptions for the data input and
analysis of the output for each example. The examples display and describe
the input and output screens used to enter the data and view the output. The
user can activate the projects within the HEC-RAS program when reviewing
the descriptions for the examples in this manual. All of the projects have
been computed, and the user can review the input and output screens that
are discussed as they appear in this manual. The user can use the zoom
features and options selections (plans, profiles, variables, reaches, etc.) to
obtain clearer views of the graphics, as well as viewing additional data
screens that may be referenced to in the discussions. The examples are
intended as a guide for performing similar analyses. This manual is organized
as follows:
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Example 1, Critical Creek, demonstrates the procedure to perform a
basic flow analysis on a single river reach. This river reach is situated on
a steep slope, and the analysis was performed in a mixed flow regime to
obtain solutions in both subcritical and supercritical flows. Additionally,
the example describes the procedure for cross section interpolation.

Example 2, Beaver Creek - Single Bridge, illustrates an analysis of a
single river reach that contains a bridge crossing. The data entry for the
bridge and determination for the placement of the cross sections are
shown in detail. The hydraulic calculations are performed with both the
energy and pressure/weir flow methods for the high flow events.
Additionally, the model is calibrated with observed high flow data.

Example 3, Single Culvert (Multiple Identical Barrels), describes the
data entry and review of output for a single culvert with two identical
barrels. Additionally, a review for the locations of the cross sections in
relation to the culvert is presented.

Example 4, Multiple Culverts, is a continuation of Example 3, with
the addition of a second culvert at the same cross section. The second
culvert also contains two identical barrels, and this example describes the
review of the output for multiple culverts.

Example 5, Multiple Openings, presents the analysis of a river reach
that contains a culvert opening (single culvert with multiple identical
barrels), a main bridge opening, and a relief bridge opening all occurring
at the same cross section. The user should be familiar with individual
bridge and culvert analyses before reviewing this example.

Example 6, Floodway Determination, illustrates several of the
methods for floodplain encroachment analysis. An example procedure for
the floodplain encroachment analysis is performed. The user should be
aware of the site specific guidelines for a floodplain encroachment analysis
to determine which methods and the appropriate procedures to perform.

Example 7, Multiple Plans, describes the file management system used
by the HEC-RAS program. The concepts of working with projects and
plans to organize geometry, flow, and other files are described. Then, an
application is performed to show a typical procedure for organizing a
project that contains multiple plans.

Example 8, Looped Network, demonstrates the analysis of a river
system that contains a loop. The loop is a split in the main channel that
forms two streams which join back together. The example focuses on the
procedure for balancing of the flows around the loop.

Example 9, Mixed Flow Analysis, describes the use of a mixed flow
regime to analyze a river reach containing a bridge crossing. The bridge
crossing constricts the main channel supercritical flow, creating a
subcritical backwater effect, requiring the use of the mixed flow regime for
the analysis. Results by subcritical and supercritical flow regime analyses
are presented to show inconsistencies that developed, and to provide
guidance when to perform a mixed flow analysis.

Example 10, Stream Junction, demonstrates the analysis of a river
system that contains a junction. This example illustrates a flow combining
of two subcritical streams, and both the energy and momentum methods
are used for two separate analyses.

Xiii
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Example 11, Bridge Scour, presents the determination of a bridge scour
analysis. The user should be familiar with the procedures for modeling
bridges before reviewing this example. The scour equations and
procedures are based upon the methods outlined in Hydraulic Engineering
Circular No. 18 (FHWA 1995).

Example 12, Inline Weir and Gated Spillway, demonstrates the
analysis of a river reach that contains an inline weir and a gated spillway.
Procedures for entering the data to provide flexibility for the flow analysis
are provided.

Example 13, Bogue Chitto - Single Bridge (WSPRO), performs an
analysis of a river reach that contains a bridge crossing. The example is
similar to Example 2, however, all of the water surface profiles are low
flow and are computed using the WSPRO (FHWA, 1990) routines that have
been adapted to the HEC-RAS methodology of cross section locations
around and through a bridge.

Example 14, Ice-Covered River, is an example of how to model an ice
covered river as well as a river ice-jam.

Example 15, Split Flow Junction With Lateral Weir and Spillway, is
an example of how to perform a split flow optimization with the steady
flow analysis portion of the software. This example has a split of flow at a
junction, as well as a lateral weir.

Example 16, Channel Modification. This example demonstrates how to
use the channel modification feature within the HEC-RAS Geometric Data
Editor. Channel modifications are performed, and existing and modified
conditions geometry and output are compared.

Example 17, Unsteady Flow Application. This example demonstrates
how to perform an unsteady flow analysis with HEC-RAS. Discussions
include: entering storage area information; hydraulic connections;
unsteady flow data (boundary conditions and initial conditions);
performing the computations; and reviewing the unsteady flow results.

Appendix A contains a list of references.



Example 1 Critical Creek

CHAPTER 1

Critical Creek

Purpose

Critical Creek is a steep river comprised of one reach entitled "Upper Reach."
The purpose of this example is to demonstrate the procedure for performing a
basic flow analysis on a single river reach. Additionally, the example will
demonstrate the need for additional cross sections for a more accurate
estimate of the energy losses and water surface elevations.

Subcritical Flow Analysis

From the main HEC-RAS window, select File and then Open Project. Go to
the directory in which you have installed the HEC-RAS example data sets.
From the “Steady Examples” subdirectory, select the project labeled "Critical
Creek - Example 1." This will open the project and activate the following
files:

Plan: "Existing Conditions Run"
Geometry: "Base Geometry Data"
Flow: "100 Year Profile"

Geometric Data

From the main program window, select Edit and then Geometric Data. This
will activate the Geometric Data Editor and display the river system
schematic, as shown in Figure 1.1. As shown in the figure, the river name
was entered as "Critical Creek," and the reach name was "Upper Reach." The
reach was defined with 12 cross sections humbered 12 to 1, with cross
section 12 being the most upstream cross section. These cross-section
identifiers are only used by the program for placement of the cross sections in
a numerical order, with the highest number being the most upstream section.

The cross section data were entered in the Cross Section Data Editor,
which is activated by selecting the Cross Section icon on the Geometric
Data Editor (as outlined in Chapter 6 of the User's Manual). Most of the 12
cross sections contain at least 50 pairs of X-Y coordinates, so the cross
section data will not be shown here for brevity. The distances between the
cross sections are as shown in Figure 1.2 (The reach lengths for cross section

1-1
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12 can be seen by using the scroll bars in the window.). This summary table

can be viewed by selecting Tables and then Reach Lengths on the
Geometric Data Editor.
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Figure 1-1: River System Schematic for Critical Creek
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Edit Downstream Reach Lengths

River e A - M g v Edit Interpolated <5's
Reach: |L||:||:|er Reach j
Selected Area Edit Oplions
Add Canstant .. | kultiply Factor . | SetWalues . | Replace ... |
River Station LOE | Chaninel | ROE
112 500 500 500
2011 500 500 490
aj1o 500 510 500
49 500 500 460
] I 480 500 530
Bl 7 490 520 500
7|6 550 530 450
i 500 570 GO0
9 4 480 520 500
10 3 520 510 450
112 500 510 480
12]1 1] 1] 1]
k. Cancel Help

Figure 1-2: Reach Lengths For Critical Creek

From the geometric data, it can be seen that most of the cross sections are
spaced approximately 500 feet apart. The change in elevation from cross
section 12 to cross-section 1 is approximately 56 feet along the river reach of
5700 feet. This yields a slope of approximately 0.01 ft/ft, which can be
considered as a fairly steep slope. The remaining geometric data consists of
Manning’s n values of 0.10, 0.04, and 0.10 in the left overbank (LOB), main
channel, and right overbank (ROB), respectively. Also, the coefficients of
contraction and expansion are 0.10 and 0.30, respectively. After all the
geometric data was entered, it was saved as the file "Base Geometry Data."

Flow Data

To enter the steady flow data, from the main program window Edit and then
Steady Flow Data were selected. This activated the Steady Flow Data
Editor, as shown in Figure 1.3. For this steady flow analysis, the one percent
chance flow profile was analyzed. A flow of 9000 cfs was used at the
upstream end of the reach at section 12 and a flow change to 9500 cfs was
used at section 8 to account for a tributary inflow into the main river reach.
This flow change location was entered by selecting the river, reach, river
station, and then pressing the Add A Flow Change Location button. Then,
the table in the central portion of the editor added the row for river station 8.
Finally, the profile name was changed from the default heading of "PF#1" to
"100 yr." The change to the profile label was made by selecting Edit Profile
Names from the Options menu and typing in the new name.
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1-4

Steady Flow Data - 100 Year Profile Q@
Eile Options Help
Enter/E dit Humber of Prafiles [25000 max]: Ihi Reach Boundary Conditions ... | |
Locations of Flow D ata Changes
Riwver: |Eritiu:a| LCr. j Add Multiple. ..
Reach: |L||:||:|erFlea|:h j River Sta.: |12 j Add A Flow Change Location |

Flaow Change Location Prafile Mames and Flow R ates
River Reach RS 100 yr
Critizal Cr. |Ipper Reach 12 000
Critizal Cr. |Ipper Reach

—_

[E dit Steady flow data for the profiles [cfz]

Figure 1-3: Steady Flow Data Editor

Next, the Reach Boundary Conditions button located at the top of the
Steady Flow Data Editor was selected. The reach was analyzed for
subcritical flow with a downstream normal depth boundary condition of S =
0.01 ft/ft. This value was estimated as the average slope of the channel near
the downstream boundary. For a subcritical flow analysis, boundary
conditions must be set at the downstream end(s) of the river system. After
all of the flow data was entered, it was saved as the file "100 Year Profile."

Steady Flow Analysis

To perform the steady flow analysis, from the main program window Run and
then Steady Flow Analysis were selected. This activated the Steady Flow
Analysis Window as shown in Figure 1.4. Before performing the steady flow
analysis, Options and then Critical Depth Output Option were selected.
The option Critical Always Calculated was chosen to have critical depth
calculated at all locations. This will enable the critical depth to be plotted at
all locations on the profile when the results are analyzed. Next, the Flow
Regime was selected as "Subcritical". The geometry file was selected as
"Base Geometry Data," and the flow file was selected as "100 Year Profile".
The plan was then saved as "Existing Conditions", with a short ID of "Exist
Cond". Finally, the steady flow analysis was performed by selecting
COMPUTE from the Steady Flow Analysis window.
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B Steady Flow Analysis
File OCplions Help

Flan: |Existing Conditions Short I |Exist Cond

Geametry File : |Base GEeometry Data

Steady Flow File : |'IEIEI “Year Profile

Flow Regime Plan Description :
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[
[

COMPLTE

Enter to compute water surface profiles

Figure 1-4: Steady Flow Analysis Window

Subcritical Flow Output Review

As an initial view of the steady flow analysis output, from the main program
window View and then Water Surface Profiles were selected. This
activated the water surface profile as shown in Figure 1.5. From the Options
menu, the Variables of water surface, energy, and critical depth, were
chosen to be plotted.

. Profile Plot

Eile Options Help
Reaches .. ||| Profiles .. | ®[e.] ™ PlotInital Condiions  Reload Data
Critical Creek - Example 1 Plan: Existing Conditions _J
3 Critical Cr. Upper Reach ‘I
185207 Legend
1510 TEG 1m0y
WS 100yT
bl
18004 it AT
g
Groned
= 17907
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17807
>
o
w4770
1760 e
17504
1740 ————— 77— 71—
0 1000 2000 3000 4000 =000 BO00
Main Channel Distance ()

Figure 1-5: Profile Plot for Critical Creek

From this profile, it can be seen that the water surface appears to approach
or is equal to the critical depth at several locations. For example, from
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section 12 through 8, the water surface appears to coincide with the critical
depth. This implies that the program may have had some difficulty in
determining a subcritical flow value in this region, or perhaps the actual value
of the flow depth is in the supercritical flow regime. To investigate this
further, a closer review of the output needs to be performed. This can be
accomplished by reviewing the output at each of the cross sections in either
graphical or tabular form, and by viewing the summary of Errors, Warnings
and Notes.

First, a review of the output at each cross section will be performed. From
the main program window, select View, Detailed Output Tables, Type, and
then Cross Section. Selection of cross section 12 should result in the display
as shown in Figure 1.6. At the bottom of the table is a box that displays any
errors, warnings, or notes that are specific to that cross section. For this
example, there are several warning messages at cross section 12. The first
warning is that the velocity head has changed by more than 0.5 feet and that
this may indicate the need for additional cross sections. To explain this
message, it is important to remember that for a subcritical flow analysis, the
program starts at the downstream end of the reach and works upstream.
After the program computed the water surface elevation for the 11th cross
section, it moved to the 12th cross section. When the program computed the
water surface elevation for the 12th cross section, the difference in the
velocity head from the 11th to the 12th cross section was greater than 0.5
feet. This implies that there was a significant change in the average velocity
from section 11 to section 12. This change in velocity could be reflecting the
fact that the shape of the cross section is changing dramatically and causing
the flow area to be contracting or expanding, or that a significant change in
slope occurred. In order to model this change more effectively, additional
cross sections should be supplied in the region of the contraction or
expansion. This will allow the program to better calculate the energy losses
in this region and compute a more accurate water surface profile.
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E: Cross Section Output
File Type Options Help

River: |Eriti|:al Cr. ﬂ Prifile: |1EIEI o j

Reach |L||:||:|erF|ea|:h ﬂHS: 12 - H T| Plan: |E:-:istEu:unu:| j

Plar: Exist Cond  Critical Cr. Upper Beach B5: 12 Profile: 100 ur
E.G. Elew [ft] 1815.76 | Element Left OB | Channel | Right OB
Wel Head [ft) 0,71 | Wit n-fal. 0100 0100
WS, Elew [ft] 1315.06 | Reach Len. [ft] 500,00 500,00
Crit "5, [ft] 181446 | Flow Area [zq i) 2137.38 320,82 100,25
E.G. Slope [ft/f) 0006857 | Area [zq ft] 2137.38 320,82 100,25
[ Total [cfs] 3000.00 | Flow [cfs] 5528 62 EXHIRT 10081
Top Wwidth [ft) ava.E1 | Topwidth [ft) £33, 04 45.00 135,57
Wel Total [ftiz) 362 | Avg Vel [ft/g] 2.59 10.51 1.01
bdaw Chi Dpth [ft) 11.46 | Hydr. Depth [ft) 3.0 713 074
Conv. Total [cfz) 108731.4 | Conv. [cfs] EEV92.8 407208 1217.9
Length witd. [ft] 80000 | wetted Per. [ft) o0 a2 50,80 13559
kdin Ch EI [f) 180360 | Shear [Ibdzq f] 1.30 270 03z
Alpha 267 | Streamn Power (bt 2] 337 2838 0.3z
Frtn Logs [ft] 382 | Cumolume [acre-ft] 22837 41 64 10.89
C&E Loszz [ft] 0.07 | Cum SA [acres) 73.06 E.43 Fiis]
Warmingz and Motes
YWharning:  The velocity head haz changed by more than 0.5 ft (015 m). Thiz may indicate the need for
additional crozs sections.
YWarning:  The energy loss wasz greater than 1.0 ft (0.3 m). between the cument and previous cross
gechon. This may indicate the need for additional crogs sections.

Convepance weighted Manning's n for the main channel.

Figure 1-6: Cross Section Table For River Station 12

The second warning at cross section 12 states that the energy loss was
greater than 1.0 feet between the current cross section (#12) and the
previous cross section (#11). This warning also indicates the possible need
for additional cross sections. This is due to the fact that the rate of energy
loss is usually not linear. However, the program uses, as a default, an
average conveyance equation to determine the energy losses. Therefore, if
the cross sections are too far apart, an appropriate energy loss will not be
determined between the two cross sections. (The user may select alternate
methods to compute the average friction slope. Further discussion of user
specified friction loss formulation is discussed in Chapter 4 of the Hydraulic
Reference Manual.)

A review of other cross sections reveals the same and additional warnings.
To review the errors, notes, and warnings for all of the cross sections, select
Summary Errors, Warnings, and Notes from the View menu on the main
program window. A portion of the summary table is shown in Figure 1.7.
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= Errors Warnings and Notes for Plan : Exist Cond E@@

River: |Eritiu:a| Cr. ﬂ Prafile; |'IEIEI o ﬂ

Reach: |L||:u|:|er Reach ﬂ Flar: |E:-cisting| Conditionz ﬂ
Location:  River: Critical Cr. Reach: Upper Reach  BS: 12 Profile: 100 yr .
YWharning,  The velocity head haz changed by more than 0.5 it [0.15 m). This may indicate the need for

additional cross sections.

YWarning. The energy losz waz greater than 1.0 ft [0.3 m). between the curent and presvious cross sechion.
Thiz may indicate the need for additional crozs sections.

Location:  River: Critical Cr. Reach: Upper Reach  BS: 11 Profile: 100 yr

YWarning. The energy equation could not be balanced within the specified number of iterationz. The program
uzed crtical depth for the water surface and continued on with the calculations.

YWharning, Divided flow computed for this cross-section.

YWharning,  The velocity head haz changed by more than 0.5 it [0.15 m). This may indicate the need for
additional cross sections.

YWarning. The energy losz waz greater than 1.0 ft [0.3 m). between the curent and presvious cross sechion.
Thiz may indicate the need for additional cross sections. ﬂ

Clipboard Frint ... File ... Clase |

Figure 1-7: Summary of Warnings and Notes for Critical Creek

The additional warnings and notes that are listed in the summary table are
described as follows.

e Warning - The energy equation could not be balanced within the specified
number of iterations. The program used critical depth for the water
surface and continued on with the calculations. This warning implies that
during the computation of the upstream water surface elevation, the
program could not compute enough energy losses to provide for a
subcritical flow depth at the upstream cross section. Therefore, the
program defaulted to critical depth and continued on with the analysis.

e Warning - Divided flow computed for this cross-section. After the flow
depth was calculated for the cross section, the program determined that
the flow was occurring in more than one portion of the cross section. For
example, this warning occurred at river station # 10 and the plot of this
cross section is shown in Figure 1.8. From the figure, it can be seen that
at approximately an X-coordinate of 800, there exists a large vertical land
mass. During this output analysis, it must be determined whether or not
the water can actually be flowing on both sides of the land mass at this
flow rate. Since the main channel is on the right side of the central land
mass, could the water be flowing on the left side or should all of the flow
be contained to the right side of the land mass? By default, the program
will consider that the water can flow on both sides of the land mass. If
this is not correct, then the modeler needs to take additional action.
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Figure 1-8: Cross Section 10, Showing Divided Flow

Additional action can be one of two procedures. First, if the existing scenario
is not feasible, then the water on the left side may be considered as an
ineffective flow area, where the water is accounted for volumetrically but it is
not considered in the conveyance determination until a maximum elevation is
reached. Secondly, if all of the flow should be occurring only on the right side
of the land mass, then the land mass could be considered as a levee. By
defining the central vertical land mass as a levee, the program will not permit
a flow onto the left side of the levee until the flow depth overtops the levee.

For further discussion on ineffective flow areas and levees, refer to Chapter 6
of the User’s Manual and Chapter 3 of the Hydraulic Reference Manual.

e Warning - During the standard step iterations, when the assumed water
surface was set equal to critical depth, the calculated water surface came
back below critical depth. This indicates that there is not a valid
subcritical answer. The program defaulted to critical depth. This warning
is issued when a subcritical flow analysis is being performed but the
program could not determine a subcritical flow depth at the specified cross
section. As the program is attempting to determine the upstream depth,
it is using an iterative technique to solve the energy equation. During the
iterations, the program tried critical depth as a possible solution, which
resulted in a flow depth less than critical. Since this is not possible in a
subcritical analysis, the program defaulted to using critical depth at this
cross section and continued on with the analysis. This error is often
associated with too long of a reach length between cross sections or
misrepresentation of the effective flow area of the cross section.
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e Warning - The parabolic search method failed to converge on critical
depth. The program will try the cross section slice/secant method to find
critical depth. This message appears if the program was required to
calculate the critical depth and had difficulty in determining the critical
depth at the cross section. The program has two methods for determining
critical depth: a parabolic method and a secant method. The parabolic
method is the default method (this can be changed by the user) because
this method is faster and most cross sections have only one minimum
energy point. However, for cross sections with large, flat over banks,
there can exist more than one minimum energy point. For further
discussion, refer to the section Critical Depth Determination in Chapter 2
of the Hydraulic Reference Manual.

e Note - Multiple critical depths were found at this location. The critical
depth with the lowest, valid, water surface was used. This note appears
when the program was required to determine the critical depth and
accompanies the use of the secant method in the determination of the
critical depth (as described in the previous warning message). This note
prompts the user to examine closer the critical depth that was determined
to ensure that the program supplied a valid answer. For further
discussion, refer to the section Critical Depth Determination in Chapter 2
of the Hydraulic Reference Manual.

¢ Warning - The conveyance ratio (upstream conveyance divided by
downstream conveyance) is less than 0.7 or greater than 1.4. This may
indicate the need for additional cross sections. The conveyance of the
cross section, K, is defined by:

_ 1486 oo
n (1-1)

K

If the n values for two subsequent cross sections are approximately the
same, it can be seen that the ratio of the two conveyances is primarily a
function of the cross sectional area. If this ratio differs by more than
30%, then this warning will be issued. This warning implies that the cross
sectional areas are changing dramatically between the two sections and
additional cross sections should be supplied for the program to be able to
more accurately compute the water surface elevation.

In summary, these warnings and notes are intended to inform the user that
potential problems may exist at the specified cross sections. It is important
to note that the user does not have to eliminate all the warning messages.
However, it is up to the user to determine whether or not these warnings
require additional action for the analysis.

Mixed Flow Analysis

1-10

Upon reviewing the profile plot and the summary of errors, warnings, and
notes from the subcritical flow analysis, it was determined that additional
cross-section information was required. Additionally, since the program
defaulted to critical depth at various locations along the river reach and could
not provide a subcritical answer at several locations, a subsequent analysis in



Example 1 Critical Creek

the mixed flow regime was performed. A mixed flow analysis will provide
results in both the subcritical and supercritical flow regimes.

Modification of Existing Geometry

Before performing the mixed flow regime analysis, the existing geometry was
modified by adding additional cross sections. To obtain the additional cross
section information, the modeler should use surveyed cross section data
whenever possible. If this data are not available, then the cross section
interpolation method within the HEC-RAS program can be used. However,
this method is not intended to be a replacement for actual field data. The
modeler should review all interpolated cross sections because they are based
on a linear transition between the input sections. Whenever possible, use
topographic maps for assistance in evaluating whether or not the interpolated
cross sections are adequate. The modeler is referred to the discussions in
Chapter 6 of the User’s Manual and Chapter 4 of the Hydraulic Reference
Manual for additional information on cross section interpolation.

To obtain additional cross sections for this example, the interpolation routines
were used. From the Geometric Data Editor, Tools and then XS
Interpolation was selected. The initial type of interpolation was Within a
Reach. The interpolation was started at cross section 12 and ended at cross
section 1. The maximum distance was set to be 150 feet (This value can be
changed later by the modeler to develop any number of cross sections
desired.). Finally, Interpolate XS’s was selected. When the computations
were completed, the window was closed. At this point, the modeler can view
each cross-section individually or the interpolated sections can be viewed
between the original sections. The latter option is accomplished by selecting
Tools, XS Interpolation, and then Between 2 Xs’s. The up and down
arrows are used to toggle up and down the river reach, while viewing the
interpolated cross sections. When the upper river station is selected to be 11
(the lower station will automatically be 10), the interpolation shown in Figure
1.9 should appear.
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XS Interpolation - Base Geometry... :|@@

River: |I:riti|:al Cr. ﬂ pper Riv Sta: |11 - ﬂ
Reach: |L||:||:uerFEea|:h ﬂ Lawer Riv Sta: 10

Digtance Between #5's 125
Dec places in interp StadEley: |I:I.El[ﬂ |Ma:-:imum Digtance [ft:ﬂ |

Cut Line GIS Coordinates

f* Linearly interpolate cut lines from bounding #5's @
[only available when bounding #5's are Georeferenced)

(" GEenerate for dizplay az perpendicular seaments to reach invert
[will be repogsitioned az cross section data is changed)

Delete Existing [nterpolated #5's Interpolate Hew #<5's

Cloze |

Jump to previous river station

Figure 1-9: Cross Section Interpolation Based on Default Master Cords

As shown in Figure 1.9, the interpolation was adequate for the right overbank
and the main channel. However, the interpolation in the left overbank failed
to connect the two existing high ground areas. These two high ground areas
could be representing a levee or some natural existing feature. Therefore,
Del Interp was selected to delete the interpolation. (This only deleted the
interpolation between cross sections 11 and 10.) Then, the two high points
and the low points of the high ground areas were connected with user
supplied master cords. This was accomplished by selecting the Master Cord
button and connecting the points where the master cords should be located.
Finally, a maximum distance of 150 feet was entered between cross sections
and Interpolate was selected. The final interpolation appeared as is shown in
Figure 1.10.

The modeler should now go through all of the interpolated cross sections and
determine that the interpolation procedure adequately produced cross
sections that depict the actual geometry. When completed, the geometric
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data was saved as the new file name "Base Geometry + Interpolated." This
allowed the original data to be unaltered and available for future reference.

XS Interpolation - Base Geometry ... |- [O|X]
River: |Eritiu:a| Cr. ﬂ lpper Riv S5ta: |11 - ﬂﬂ

Fieach: |L||:||:|er Fieach ﬂ Lowser Riv St |70
Diztance Between #5's 125

Dec places in interp S5ta/Eley: |D.D[ﬂ |Ma:-:imum Distance [ft:ﬂ |'|5|:|

Cut Line GIS Coordinates

f* Linearly interpolate cut lines from bounding &5 @
[only available when bounding #5's are Georeferenced]

(" Generate for display az perpendicular segments o reach invert
[will be repozitioned az cross zection data iz changed]

Delete Exigting Interpolated =5z | | Interpolate Hew #5's

Cloze

Interp 3 wz's bebween "10" and 11"

Figure 1-10: Final Interpolated With Additional Master Cords

Flow Data

At this point, with the additional cross sections, the modeler can perform a
flow analysis with subcritical flow as was performed previously and compare
the results with the previously obtained data. However, for the purposes of
this example, an upstream boundary condition was added and then a mixed
flow regime analysis was performed. Since a mixed flow analysis (subcritical
and supercritical flow possibilities) was selected, an upstream boundary
condition was required. From the main program window, Edit and then
Steady Flow Data were selected. Then the Boundary Conditions button
was chosen and a normal depth boundary condition was entered at the
upstream end of the reach. A slope of 0.01 ft/ft as the approximate slope of
the channel at section 12 was used. Finally, the flow data was saved as a
new file name. This will allow the modeler to recall the original data when
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necessary. For this example, the new flow data file was called "100 YR Profile
- Up and Down Bndry." that includes the changes previously mentioned.

Mixed Flow Analysis

To perform the mixed flow analysis, from the main program window Run and
Steady Flow Analysis were selected. The flow regime was selected to be
"Mixed," the geometry file was chosen as "Base Geometry + Interpolated,"
and the steady flow file as "100 YR Profile - Up and Down Bndry." The Short
ID was entered as "Modified Geo," and then File and Save Plan As were
selected and a new name for this plan was entered as "Modified Geometry
Conditions". This plan will then associate the geometry, flow data, and
output file for the changes that were made. Finally, COMPUTE was selected
to perform the steady flow analysis.

Review of Mixed Flow Output

As before, the modeler needs to review all of the output, which includes the
profile as well as the channel cross sections both graphically and in tabular
form. Also, the list of errors, warning, and notes should be reviewed. The
modeler then needs to determine whether additional action needs to be taken
to perform a subsequent analysis. For example, additional cross sections may
still need to be provided between sections in the reach. The modeler may
also consider to use additional flow profiles during the next analysis. The
modeler should review all of the output data and make changes where they
are deemed appropriate.

For this analysis, the resulting profile plot is shown in Figure 1.11. From this
figure, it can be seen that the flow depths occur in both the subcritical and
supercritical flow regimes. (The user can use the zoom feature under the
Options menu in the program. This can imply that the geometry of the river
reach and the selected flows are producing subcritical and supercritical flow
results for the reach.
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Figure 1-11: Profile Plot for Critical Creek — Mixed Flow Analysis

To investigate this further, the results will be viewed in tabular form. From
the main program window, View, Profile Summary Tables, Std. Tables,
and then Standard Table 1 were selected. This table for the mixed flow
analysis is shown as Figure 1.12. The table columns show the default
settings of river, reach, river station, total flow, minimum channel elevation,
water surface elevation, etc. The meanings of the headings are described in a
box at the bottom of the table. By selecting a cell in any column, the
definition of the heading will appear in the box for that column.

From the Standard Table 1, the water surface elevations and critical water
surface elevations can be compared. The values at river station 11.2* show
that the flow is supercritical at this cross section since the water surface is at
an elevation of 1811.29 ft and the critical water surface elevation is 1811.46
ft. Additionally, it can be seen that the flow at river station 11.0 is subcritical.
(Note: the asterisks (*) denote that the cross sections were interpolated.) By
selecting the Cross Section type table (as performed for Figure 1.6), and
toggling to river station 11.0, a note appears at the bottom of the table
indicating that a hydraulic jump occurred between this cross section and the
previous upstream cross section. These results are showing that the flow is
both subcritical and supercritical in this reach. The user can continue this
process of reviewing the warnings, notes, profile plot, profile tables, and cross
section tables to determine if additional cross sections are required.
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Profile Output Table - Standard Table 1

File Options Std. Tables Locations Help
5 Plan: Modified Gea  River: Critical Cr.  Beach: Upper Reach  Profile: 100 wr Feload Data
Reach River Sta | Profile [ Total | Min ChEl".5. Elew| Crit*'.5. | E.G. Elev|E.G. Slope| %el Chnl | Flow &rea| Top Width| Froude # Chi| a
[cfg] [ft] 3] [ft) [ft] [ftt) [ftg] [z ft] [f]

Upper Reach| 12 100 pr q000.00; 180360, 14554 181446 181602 0004561 895 299515 91534 057
Upper Reach| 11.8* 100 pr 9000000 180302 181457 181414 1815.44| 0006453 1079 2401.85 722 0.69
Upper Reach| 11.6% 100 pr 9000000 180244 181340 181340 1814.67| 0.003336 1214 204365 VE4.50 0.80
Upper Reach| 11.4* 100 yr 9000000 1801.86) 181243 181247 181382 0008532 1224 1854.25 £98.94 0.81
Upper Reach| 11.2* 100 pr 9000000 1801.28) 1811.23 181146 181283 0009622 1273 1701.06 F4E.13 0.86
Upper Reach| 11 100 pr 9000.00) 180070, 181063 181042 1811.89| 0.007296 11.35 185814 £21.EE 0.76
Upper Reach| 10.75* | 100 pr 9000000 1799120 180952 180952 181090/ 0008428 1216 18BE.56 V1E1E 0.81
Upper Reach| 10.5* 100 pr 9000000 173755 1807 52 180833 180360 0012333 1392 1875.60 84217 0.96
Upper Reach| 10,25+ | 100 pr 9000000 179597 180551 180640 180763 0019325 15,54 180811 BEE. 48 1.15
Upper Reach| 10 100 pr 9000000 1734400 180463 180363 1805.03| 0.003685 984 263596 960,37 0.73
Upper Reach| 5.83333% | 100 pr 9000000 179345 180373 180303 180434 0008690 10,48 262398 975 47 0.76
Upper Reach| 5.6666E~ | 100 pr 9000000 173250, 180254 180253 180360/ 0003749 1099 260910 99701 0.78
Upper Reach| 8.5% 100 pr 9000000 179155 1802100 1807191 180285 0003312 1136 260740 103307 0.79
Upper Reach| 53.33333* [ 100 yr 9000000 179060, 1801180 180118/ 180207 0009432 1191 256583 109166 082>
4 4
Total flows in cross section.

Figure 1-12: Standard Table 1 for Mixed Flow Analysis — Critical Creek

Summary

Initially, the river reach was analyzed using the existing geometric data and a
subcritical flow regime. Upon analysis of the results, it was determined that
additional cross-section data were needed and that there might be
supercritical flow within the reach. Additional cross sections were then added
by interpolation and the reach was subsequently analyzed using the mixed
flow regime method. Review of the mixed flow analysis output showed the
existence of both subcritical and supercritical flow within the reach. This
exhibits that the river reach is set on a slope that will produce a water surface
around the critical depth for the given flow and cross section data. Therefore,
a completely subcritical or supercritical profile is not possible.
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CHAPTER 2

Beaver Creek - Single Bridge

Purpose

This example demonstrates the use of HEC-RAS to analyze a river reach that
contains a single bridge crossing. For this example, the bridge is composed of
typical geometry and was located perpendicular to the direction of flow in the
main channel.

The stream for this example is a section of Beaver Creek located near
Kentwood, Louisiana. The bridge crossing is located along State Highway
1049, near the middle of the river reach. The field data for this example were
obtained from the United States Geological Survey (USGS) Hydrologic Atlas
No. HA-601. This atlas is one part of a series developed to provide data to
support hydraulic modeling of flow at highway crossings in complex
hydrologic and geographic settings. The bridge, cross section geometry, and
high water flow data were used to evaluate the flood flow of 14000 cfs that
occurred on May 22, 1974, along with analysis of two additional flow values of
10000 cfs and 5000 cfs. It should be noted that modelers typically do not
have access to high water marks and actual field flow measurements at
bridges during the peak events. However, for this example, the flood stage
water depth values were compared to the output from the model.

For this analysis, the water surface profiles were determined by first using the
pressure/weir flow method and then the energy method. Next, an evaluation
of the bridge contraction and expansion reach lengths was performed and
resulted in the necessity to reposition the location of certain cross sections.
After these adjustments were made, the model was then calibrated with the
observed water surface elevation data. Finally, a comparison of the
pressure/weir flow method to the energy method was made.

Pressure/Weir Flow Analysis

From the main HEC-RAS window, select File and then Open Project. Go to
the directory in which you have installed the example data sets. From the
“Steady Examples” subdirectory, select the project labeled "Single Bridge -
Example 2.” This will open the project and activate the following files:

Plan : "Pressure/Weir Method”

Geometry : "Beaver Cr. + Bridge - P/W”
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Flow : "Beaver Cr. - 3 Flows”

To perform the pressure/weir flow analysis, the following data were entered:
e River System Schematic

e Cross Section Geometric Data

e Bridge Geometry Data

e Ineffective Flow Areas

e Bridge Modeling Approach

e Steady Flow Data

After the input of this data, the pressure/weir flow method was used to
determine the resulting water surface elevations for the selected flow values.

River System Schematic

From the main program window, select Edit and then Geometric Data. This
will activate the Geometric Data Editor and the screen will display the river
system schematic for the Beaver Creek reach, as shown in Figure 2.1. The
river name was entered as "Beaver Creek” and the reach name was
"Kentwood.”

Geometric Data - Beaver Cr. + Bridge - PIW
File Edit “iew Tshles Tools GIS Tools Help

Tools | Riwer |Storage | 5.A. Pumg =] @
12.99

Reach | HArea Conn. | Station Description:l

B || - = O®

L [

Junct.
L]

Cross
Section

d

Brdg/Cul

Inline
Structure

{

Lateral
Structure

f

Storage
reg

'D

Storage
Area Conn.

‘

Pump
Station

CFI

HTah
Param.
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Picture

LR JJ
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Figure 2-1: River System Schematic for Beaver Creek
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The reach was initially defined with 14 cross sections beginning at river mile
5.00 as the downstream river station and river mile 5.99 as the upstream
river station. The cross sections with an asterisk (*) were added by
interpolation for the purposes of this example. When the bridge was added, it
was placed at river mile 5.40 to place it at the appropriate location. On the
river schematic, some of the cross section labels may not appear due to
overlapping of the labels. If this occurs, the labels can be seen by zooming in
on the location of the closely spaced cross sections.

Cross Section Geometric Data

The cross section geometric data consists of the: X-Y coordinates, reach
lengths, Manning’s n values, location of levees, and contraction and
expansion coefficients. Each of these river station geometric data
components are described in the following sections.

X-Y Coordinates. To view the cross section geometry data, from the
Geometric Data Editor select the Cross Section icon. This will activate the
Cross Section Data Editor as shown in Figure 2.2 for river mile 5.99. As
shown in Figure 2.2, the X-Y coordinates were entered in the table on the left
side of the editor. The additional components of the cross section geometry
are described in the following sections.

Cross Section Data - Beaver Cr... E|@|§|

Exit Edit Options FElot Help

River: |Eeaver Creek j | \"*o;; + ﬂ|
Reach: |Kentw-:u:u:| j River Sta.: |5.E|E| j ﬂﬂ

Dezcription |L||:|3tream Boundary Cross Section E'
Dl Row Iz Fow | Dawngtream Beach Lengths
| LOE | Channel | ROB
Statian |Elevatinn| nal |44D |E':":' |4':":'
1(0 221 01 & 12)
2| 7 220.3 | LOBE | Channel ROB
3| 36 216.6 | | |
4{13 216.6 — .
5l 233 6.8 tain Channel B ank. Stationz
gl ez B | Left Bank | Right B ank
7| 351 216.4 |9E6 948
8| 518 2161 014 ContsExp Coefficients @
3| 591 213.3 |  Contraction |  Expanzion
10| 627 213.2 ﬂ ||:|_1 |EI.3

Leves an left zide

Figure 2-2: Cross Section Data Editor For River Station 5.99
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Reach Lengths. The distances between the cross sections are entered as
the downstream reach lengths in the Cross Section Data Editor. To view
the summary of the reach lengths, the table as shown in Figure 2.3 can be
activated by selecting Tables and then Reach Lengths from the Geometric
Data Editor. The reach lengths were obtained by measuring the distances
on the USGS atlas. To determine the main channel distances, it was initially
assumed that during the peak event, the major active portion of the flow will
follow the course of the main channel. If, after the analysis, it is determined
that the major portion of the active flow is not following the main channel
course, then the main channel flow distances will need to be adjusted. In
other words, if the major portion of the active flow is "cutting across” the
meanders of the main channel, then these reach lengths will need to be
reevaluated.

Edit Downstream Reach Lengths

River ; X M % [v Edit Interpolated 5's
Reach: |Kentw-:u:u:| ﬂ
Selected Area Edit Optiohs
Add Constant ... Multiply Factor ... | Set Walues ... | Replace ... |
River 5tation LOE | Channel | ROB -
11599 440 E00 400
2| 5.875* 440 E00 400
3| 576 225 400 275
4| 5.685¢ 225 400 275
5| 5.61 240 460 1490
E| 5.525¢ 240 460 1490
7544 270 170 a00
8l 5.41 100 100 100
9|54  Highway 1043 | Bridoe
10[5.39 320 a00 ga0
11[5.29 410 4165 410
12]5.21% 410 4165 410 j
k. Cancel Help

Figure 2-3: Reach Lengths Summary Table

The reach lengths determine the placement of the cross sections. The
placement of the cross sections relative to the location of the bridge is crucial
for accurate prediction of expansion and contraction losses. The bridge
routine utilizes four cross sections to determine the energy losses through the
bridge. (Additionally the program will interpret two cross sections inside of
the bridge by superimposing the bridge data onto both the immediate
downstream and upstream cross sections from the bridge.) The following is a
brief summary for the initial estimation of the placement of the four cross
sections. The modeler should review the discussion in Chapter 6 of the
User’s Manual and Chapter 5 of the Hydraulic Reference Manual for
further detail.
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First Cross Section. Ideally, the first cross section should be located
sufficiently downstream from the bridge so that the flow is not affected by the
structure (ie, the flow has fully expanded). This distance should generally be
determined by field investigation during high flows and will vary depending on
the degree of constriction, the shape of the constriction, the magnitude of the
flow, and the velocity of the flow. In order to provide better guidance to
determine the location of the fully expanded cross section, a study was
performed by the Hydrologic Engineering Center [HEC-1995]. This study
focused on determining the expansion reach length, the contraction reach
length, and the expansion and contraction energy loss coefficients.

For this example, cross section humber 5.29 was initially considered as the
cross section of fully expanded flow. This cross section was determined by
field investigations as the approximate location of fully expanded flow during
the high flow event. After the pressure/weir flow analysis was performed, the
location of this cross section was evaluated using the procedures as outlined
in the recent HEC study [HEC-1995]. The procedures required flow
parameters at the initially chosen location to evaluate the location of the
cross section. These procedures will be described after the pressure/weir flow
analysis is performed near the end of this example.

Second Cross Section. The second cross section used by the program to
determine the energy losses through the bridge is located a short distance
downstream of the structure. This section should be very close to the bridge,
and reflect the effective flow area on the downstream side of the bridge. For
this example, a roadway embankment sloped gradually from the roadway
decking on both sides of the roadway. Cross section 5.39 was located at the
toe of the roadway embankment and was used to represent the effective flow
area on the downstream side of the bridge opening. The program will
superimpose the bridge geometry onto this cross section to develop a cross
section inside the bridge at the downstream end.

Third Cross Section. The third cross section is located a short distance
upstream from the bridge and should reflect the length required for the
abrupt acceleration and contraction of the flow that occurs in the immediate
area of the opening. As for the previous cross section, this cross section
should also exhibit the effective flow areas on the upstream side of the
bridge. For this example, cross section 5.41 was located at the toe of the
roadway embankment on the upstream side of the bridge. Similar to the
previous cross section, the program will superimpose the bridge geometry
onto this cross section to develop a cross section inside the bridge at the
upstream end.

Fourth Cross Section. The fourth cross section is located upstream from the
bridge where the flow lines are parallel and the cross section exhibits fully
effective flow. For this example, cross section 5.44 was initially used as this
section where the flow lines were parallel. After the pressure/weir flow
analysis, the location of this cross section was evaluated using the procedures
as outlined in the HEC study [HEC-1995]. This evaluation will be presented in
the discussion near the end of this example.

Manning’s n Values. The Manning’s n values were obtained from the field
data displayed on the USGS atlas. For some of the cross sections, the
Manning’s n values changed along the width of the overbank areas and the
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horizontal variation in n values option was selected, such as for cross section
5.99. This option was performed from the Cross Section Data Editor by
selecting Options and Horizontal Variation in n Values. This caused a
new column to appear under the Cross Section X-Y Coordinates heading (as
shown in Figure 2.2). For cross section 5.99, the n values changed at the X-
coordinates of 518 (in the left overbank), 866 (the main channel left bank
station), and 948 (the main channel right bank station). This can be seen by
scrolling down in the coordinates window of the cross section editor. The
overbank areas have densely wooded areas, which created the necessity for
the variation in n values. The final data are shown in the cross section plot in
Figure 2.4.

Cross Section E‘EJ@|

File Cptions Help
aver Creek + i Reload Drata
Reach: |Kentw-:n:u:| j River Sta.: |5.E|E| ﬂ ﬂﬂ

Single Bridge - Example 2 Plan: PressMWeir Method J

Upstream Boundary Cross Section

e .14_’| . I‘ 14
0
4

River:

)
-
—
[
.

Lagend

Gronnid

Lewe
+*
Eakha

Elevation (1)

a a0o 1000 1500 2000

Station (1) I

Figure 2-4: Cross Section 5.99: Horizontal n Variation and Levee Options

Levees. As can be seen in the plot of cross section 5.99 in Figure 2.4, there
exists a large area to the left of the main channel that is lower in elevation
than the invert of the main channel. During the analysis, the program will
consider the water to be able to go anywhere in the cross section. The
modeler must determine whether or not the lower area to the left of the main
channel can initially convey flow. If the area cannot convey flow until the
main channel fills up and then overtops, then the levee option should be
used. For this example, a left levee was established at the left main channel
bank station for river station 5.99. This prevents water from being placed to
the left of the levee until the elevation of the levee is reached. The elevation
selected for this levee was the elevation of the left side of the main channel.
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To insert the levee, Options and then Levees were selected from the Cross
Section Data Editor. This resulted in the display shown in Figure 2.5. The
values for this example were station 866 and elevation 214.8 for a left levee.
As can be seen in Figure 2.4, the levee is displayed as a small square located
at the LOB station. Additionally, a note appears identifying the selection of a
levee for the specific cross section at the bottom of the Cross Section Data
Editor. This note can be seen in the box at the bottom of Figure 2.2. Levee
options were selected for other cross sections in addition to cross section
5.99. In each case, the modeler needs to view each cross-section and
determine whether the levee option needs to be utilized.

E nter ztation and &

Statian 8EG
Elevation 214.8
k. | Cancel | Defaults| Clear |

Figure 2-5: Levee Option for Cross Section 5.99

Contraction/Expansion Coefficients. The contraction and expansion
coefficients are used by the program to determine the transition energy
losses between two adjacent cross sections. From the data provided by the
recent HEC study [HEC-1995], gradual transition contraction and expansion
coefficients are 0.1 and 0.3, and typical bridge contraction and expansion
coefficients are 0.3 and 0.5, respectively. For situations near bridges where
abrupt changes are occurring, the coefficients may take larger values of 0.5
and 0.8 for contractions and expansions, respectively. A listing of the
selected values for this river reach can be viewed by selecting Tables and
then Coefficients from the Geometric Data Editor. This table is shown in
Figure 2.6 and displays the values selected for the river cross sections.
Typical gradual transition values were selected for stations away from the
bridge. However, near the bridge section, the coefficients were increased to
0.3 and 0.5 to represent greater energy losses. For additional discussion
concerning contraction and expansion coefficients at bridges, refer to Chapter
5 of the Hydraulic Reference Manual.
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Edit Contraction/Expansion Coefficients

Fiver ; M g [v Edit Interpolated *5's
Reach: |Kentw-:u:u:| j
Selected Area Edit Oplions
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3576 01 03
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6| 5.525* 01 03
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2l 5.41 03 (IR
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k. Cancel Help

Figure 2-6: Coefficients For Beaver Creek

This completed the input for the cross section geometric data. Next, the
bridge geometry data was entered as outlined in the proceeding section.

Bridge Geometry Data

To enter the bridge geometry data, the Bridge/Culvert icon was selected
from the Geometric Data Editor. This activated the Bridge/Culvert Data
Editor. The river and reach were selected as "Beaver Creek” and "Kentwood”
(the only reach for this example). Then, Options, and Add a Bridge or
Culvert were selected and river station 5.4 was entered as the location for
the bridge. The Bridge/Culvert Data Editor then displayed the upstream
(river station 5.41) and downstream (river station 5.39) cross sections. A
description was then entered as "Bridge #1.” The following section provides a
brief summary of the input for the bridge geometry including the bridge
deck/roadway and then the bridge piers.

Bridge Deck and Roadway Geometry. From the Bridge/Culvert Data
Editor, the Deck/Roadway icon was selected and this activated the
Deck/Roadway Data Editor, as shown in Figure 2.7.
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Deck/iRoadway Data Editor
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Figure 2-7: Bridge/Deck and Roadway Data Editor

The first input at the top of the editor is the distance from the upstream side
of the bridge deck to the cross section immediately upstream from the bridge
(cross section 5.41). This distance was determined to be 30 feet from the
USGS atlas. In the next field, the bridge deck width of 40 feet was entered.
Finally, a weir flow coefficient of 2.6 was selected for the analysis. (Additional
discussion of the weir flow coefficient will be presented in the calibration
section.)

The central section of the Deck/Roadway Editor is comprised of columns
for input of the station, high cord elevation, and low cord elevation for both
the upstream and downstream sides of the bridge deck. The data are entered
from left to right in cross section stationing and the area between the high
and low cord is the bridge structure. The stationing of the upstream side of
the deck was based on the stationing of the cross section located immediately
upstream. Likewise, the stationing of the downstream side of the deck was
based on the stationing of the cross section placed immediately downstream.

If both the upstream and downstream data are identical, the user needs only
to input the upstream data and then select Copy Up to Down to enter the
downstream data.

As a final note, the low cord elevations that are concurrent with the ground
elevation were entered as a value lower than the ground elevation. The
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program will automatically clip off and remove the deck/roadway area below
the ground. For example, at station 0, a low cord elevation of 200 feet was
entered. However, the actual ground elevation at this point is approximately
216 feet. Therefore, the program will automatically remove the area of the
roadway below the ground. Additionally, the last station was entered as a
value of 2000 feet. This stationing ensured that the roadway and decking
extended into the limits of the cross section geometry. As described
previously, the program will clip off the area beyond the limits of the cross
section geometry.

The US and DS Embankment SS (upstream and downstream embankment
side slope) values were entered as 2 (horizontal to 1 vertical). These values
are used for graphical representation on the profile plot and for the WSPRO
low flow method. The user is referred to Example 13 - Bogue Chitto Single
Bridge (WSPRO) for a discussion on the use of this parameter with the
WSPRO method. The WSPRO method is not employed for this example.

At the bottom of the Deck/Roadway Data Editor, there are three additional
fields for data entry. The first is the Max Allowable Submergence. This
input is a ratio of downstream water depth to upstream energy, as measured
above the minimum weir elevation. When the ratio is exceeded, the program
will no longer consider the bridge deck to act as a weir and will switch the
computation mode to the energy (standard step) method. For this example,
the default value of 0.95 (95 %) was selected, however this value may be
changed by the user.

The second field at the bottom of the editor is the Min Weir Flow Elevation.
This is the elevation that determines when weir flow will start to occur over
the bridge. If this field is left blank (as for this example), the program will
default to use the lowest high cord value on the upstream side of the bridge.
Finally, the last field at the bottom of the editor is the selection of the Weir
Crest Shape. This selection will determine the reduction of the weir flow
coefficient due to submergence. For this example, a broad crested weir shape
was selected. Upon entering all of the above data, the OK button was
selected to exit the Deck/Roadway Data Editor.

Bridge Pier Geometry. From the Bridge/Culvert Data Editor, select the
Pier icon. This will result in the display shown in Figure 2.8. The modeler
should not include the piers as part of the ground or bridge deck/roadway
because pier-loss equations use the separate bridge pier data during the
computations.
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Pier Data Editor
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Figure 2-8: Bridge Pier Data Editor

The program will establish the first pier as pier number 1. As shown in Figure
2.8, the upstream and downstream stations were entered for the centerline of
the first pier. The upstream and downstream stations were based on the
geometry of the cross sections located immediately upstream (cross section
5.41) and immediately downstream (cross section 5.39) of the bridge. The
user needs to be cautious placing the pier centerline stations because the X-
coordinates for the upstream and downstream cross section stationing may
be different. This is to ensure that the piers "line up" to form the correct
geometry. For this example, the pier centerline stations are 470, 490, 510,
530, 550, 570, 590, 610, and 630 for the nine piers. Each pier was set to
start at an elevation of 200 feet (this elevation is below the ground level and
the excess will be removed by the program) and end at an elevation of 216
feet (this elevation is inside the bridge decking and the excess was removed
by the program). Additionally, each pier had a continuous width of 1.25 feet.
After entering the data, the OK button was selected and the schematic of the
bridge with the piers was displayed on the Bridge/Culvert Data Editor as
shown on Figure 2.9. (Note: The figure in the text displays the ineffective
flow areas that will be added in the next section.)

The cross sections shown in Figure 2.9 are developed by superimposing the
bridge data on the cross sections immediately upstream (5.41) and
immediately downstream (5.39) of the bridge. The top cross section in Figure
2.9 reflects the geometry immediately inside the bridge on the upstream side
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and the bottom cross section reflects the geometry immediately inside the
bridge on the downstream side.
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Figure 2-9: Bridge/Culvert Data Editor

While viewing the bridge, the modeler can select to view just the upstream,
just the downstream, or both of the cross section views. This is performed by
selecting View and then the required option. Additionally, from the View
menu, the user should select Highlight Weir, Opening Lid and Ground as
well as Highlight Piers. These options enable the modeler to view what the
program will consider as the weir length, bridge opening, and pier locations.
Any errors in the data may appear as inconsistent images with these options.
Also, the zoom-in option will allow the user to examine data details.

As a final note for the bridge geometry, a bitmap image of the bridge was
added to the geometry file (denoted by a red square on the river system
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schematic, Figure 2.1). The user can view this image by selecting the View
Picture icon on the Geometric Data Editor.

Ineffective Flow Areas

As a final step for the bridge geometry, any ineffective flow areas that existed
due to the bridge (or any other obstruction) were entered. Ineffective flow is
used to define an area of the cross section in which the water will accumulate
but is not being actively conveyed. At a bridge, ineffective flow areas
normally occur just upstream and downstream of the road embankment,
away from the bridge opening.

For this example, ineffective flow areas were included on both the upstream
cross section (5.41) and the downstream cross section (5.39). To determine
an initial estimate for the stationing of the ineffective flow areas, a 1:1 ratio
of the distance from the bridge to the cross section was used. For this
example, section 5.41 is located 30 feet upstream of the bridge. Therefore,
the left and right ineffective flow areas were set to start at 30 feet to the left
and right of the bridge opening. Similarly, cross section 5.39 is located 30
feet downstream from the bridge and the ineffective flow areas at this cross
section were set at 30 feet to the left and right of the bridge opening.

To determine the initial elevation of the ineffective flow areas for the
upstream cross section, a value slightly lower than the lowest high cord
elevation was used. This ineffective flow elevation was chosen so that when
the water surface becomes greater than this ineffective elevation, the flow
would most likely be weir flow and would be considered as effective flow. At
the downstream cross section, the elevation of the ineffective flow area was
set to be slightly lower than the low cord elevation. This elevation was
chosen so that when weir flow occurs over the bridge, the water level
downstream may be lower than the high cord, but yet it will contribute to the
active flow area. (Additional discussion of the selection of these elevations is
described in the calibration section of this example.)

To enter the ineffective flow areas, from the Geometric Data Editor select
the Cross Section icon. Toggle to cross section 5.41 and select Options and
then Ineffective Flow Areas. This will result in the display shown in Figure
2.10. The default option (normal) is to enter the areas as a left station and
elevation and/or a right station and elevation. For this example, both the left
and right ineffective flow areas were used.
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Ineffective Flow Areas
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Figure 2-10: Normal Ineffective Flow Areas For Cross Section 5.41

The left and right ineffective flow stations were entered as 420 and 677 feet,
respectively. These values are 30 feet to the left and right of the bridge
opening, as discussed previously. The elevation was then entered as 216.7
feet, a value slightly lower than the high cord elevation. These entries imply
that all the water to the left of the left station and to the right of the right
station will be considered as ineffective flow until the water level exceeds the
elevation of 216.7 feet.

Similarly, ineffective flow areas were set at river station 5.39 with a left
station at 420 and a right station at 677, both at an elevation of 215.0 feet.
The OK button was selected and the ineffective flow areas appeared as green
triangles, as shown previously on Figure 2.9. Additionally, the ineffective flow
areas will appear on the plots of the cross sections. Finally, a note will appear
in the box at the bottom of the Cross Section Data Editor that states an
ineffective flow exists for each cross section for which this option was
selected.

Bridge Modeling Approach

The bridge routines allow the modeler to analyze the bridge flows by using
different methods with the same geometry. The different methods are: low
flow, high flow, and combination flow. Low flow occurs when the water only
flows through the bridge opening and is considered as open channel flow (i.e.,
the water surface does not exceed the highest point of the low cord on the
upstream side of the bridge). High flow occurs when the water surface
encounters the highest point of the low cord on the upstream side of the
bridge. Finally, combination flow occurs when both low flow or pressure flow
occur simultaneously with flow over the bridge. The modeler needs to select
appropriate methods for both the low flow and for the high flow methods. For
the combination flow, the program will use the methods selected for both of
the flows.

From the Geometric Data Editor, select the Bridge/Culvert icon and then
the Bridge Modeling Approach button. This will activate the Bridge
Modeling Approach Editor as shown in Figure 2.11. For this example,
there is only 1 bridge opening located at this river station and therefore the
bridge number was 1. The following sections describe the additional
parameters of the bridge modeling editor. The modeler is referred to Chapter
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6 of the User’s Manual and Chapter 5 of the Hydraulic Reference Manual
for additional discussion on the bridge modeling approach editor.

Low Flow Methods. Low flow exists when the flow through the bridge is
open channel flow. As can be seen in Figure 2.11, the program has the
capability of analyzing low flow with four methods:

- Energy Equation (Standard Step)

- Momentum Balance

- Yarnell Equation (Class A only)

- WSPRO Method (Class A only)

Bridge Modeling Approach Editor

Add | Copy | Delete | Bridgett |1 - 4 1]

Lows Flow Methods

Uze Compute
" |v Energy [Standard Step)
v Momentum Coef Cirag Cd |2—@
£ Iw Yamel [Class & only) Pier Shape k. W@
[ WSPRO Method [Class A only]  WSPRO Yanables |
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Higheszt Energy Answer
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Submerged Inlet Cd [Blank for table] 0=4
Submerged [nlet + Outlet Cd na

b ax Low Chord [Elank for default]

k. Cancel | Help |

Enter Cd Coefficient far mormeturn computations

Figure 2-11: Bridge Modeling Approach Editor

The Energy Equation (Standard Step) method considers the bridge as just
being part of the natural channel and requires Manning’s n values for the
friction losses through the bridge and coefficients of contraction and
expansion. The Momentum Balance method performs a momentum balance
through the bridge area and requires the selection of a drag coefficient, Cd.
This coefficient is used to estimate the force due to the water moving around
the piers, the separation of flow, and the resulting downstream wake. The
Yarnell Equation is an empirical equation based on lab experiments. Finally,
the WSPRO method is an energy based method developed by the USGS for
the Federal Highway Administration.
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At this time, the modeler needs to select which methods the program should
compute and which method the program should use. The modeler can select
to have the program compute particular methods or all of the methods.
Then, the modeler needs to select which method the program will use as a
final solution. Alternatively, the modeler can select the computation of
several or all of the methods, and then have the program use the method
with the greatest energy loss for the final solution. This will allow the
modeler to view the results of all the methods and compare the results of the
different techniques.

For this example, the Energy, Momentum, and Yarnell methods were selected
to be computed. For the momentum method, a drag coefficient Cd = 2.00
was entered for the square nose piers and for the Yarnell method, a value of
K = 1.25 was entered. Finally, the method that resulted in the greatest
energy loss was selected to be used for the solution. (The user is referred to
Example 13 for an application of the WSPRO method.)

High Flow Methods. High flows occur when the water surface elevation
upstream of the bridge is greater than the highest point on the low cord of
the upstream side of the bridge. Referring to Figure 2.11, the two
alternatives for the program to compute the water surface elevations during
the high flows are: Energy Only (Standard Step) or Pressure and/or Weir
Flow. The Energy Only (Standard Step) method regards the flow as open
channel flow and considers the bridge as an obstruction to the flow. Typically,
most bridges during high flows may act primarily as just an obstruction to the
flow and the energy method may be most applicable.

As a second method for the analysis of high flows, the program can consider
the flow to be causing Pressure Flow and/or Weir Flow. For pressure flow,
there are two possible scenarios. The first is when only the upstream side of
the bridge deck is in contact with the water. For this scenario, the submerged
inlet coefficient, Cd, was set to be 0.34. (This value was arrived at during the
calibration, which is described later in this example.) The second scenario for
pressure flow is when the bridge constriction is flowing completely full. For
this situation, the submerged inlet and outlet coefficient was set to 0.80.

The program will begin to calculate either type of pressure flow when the
computed low flow energy grade line is greater than the highest point of the
upstream low cord. Alternatively, the user can set the elevation at which
pressure flow will begin to be checked, instead of the highest low cord value.
This value can be entered as the last input to the Bridge Modeling
Approach Editor (Figure 2.11). For this example, this field was left blank
which implies that the program used the highest value of the low cord (the
default). As an additional option, the user can select to have the program
begin to calculate the pressure flow by using the value of the water surface
instead of the value of the energy grade line. This is accomplished from
within the Bridge/Culvert Data Editor by selecting Options and then
Pressure flow criteria. This will result in the display shown in Figure 2.12.
For this example, the option to use the upstream energy grade line was
chosen.

Finally, for the high flow analysis, Weir Flow occurs when the upstream
energy grade line elevation (as a default setting) exceeds the lowest point of
the upstream high cord. The weir flow data was entered previously in the
Deck/Roadway Data Editor. At this point, all of the bridge data have been
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entered. The user should exit the geometry data editors and save the
geometry data. For this example, the geometry data was saved as the file
"Beaver Cr. + Bridge - P/W."

Set Critena o check for prezsure flow

f+ Upstream energy grade line
" Upstream water surface

e T Cancel

....................................

Figure 2-12: Pressure Flow Check Criteria

Steady Flow Data

To enter the steady flow data, from the main program window Edit and then
Steady Flow Data were selected. This activated the Steady Flow Data
Editor as shown in Figure 2.13. For this analysis on the reach of Kentwood,
three profiles were selected to be computed. The flow data were entered for
river station 5.99 (the upstream station) and the flow values were 5000,
10000, and 14000 cfs. These flows will be considered continuous throughout
the reach so no flow change locations were used. Additionally, the three
profile names were changed from the default values of "PF#1," etc., to "25
yr," "100 yr," and May ‘74 flood," respectively. These names will be used to
represent the flow profiles when viewing the output.

Steady Flow Data - Beaver Cr. - 3 Flows Q@
Eile Options Help
Enter/E dit Mumber of Profiles (25000 max). |3 Reach Boundary Conditions . | |

Lacations af Flow Data Changes

River: | Beawver Creek ﬂ Add Multiple. ..

Reach: |Kentw-:u:u:| ﬂ Riwver Sta.: |5.99 ﬂ &dd A Flow Change Location |

Flaw Chanage Location Prafile Mames and Flow Bates
River Feach RS 25 ur [ 100 ur | May '74 flood
Beaver Creek F.entwood R000 10000 14000

Obszered Water Surfaces Enterad

E dit Steady flow data for the profiles [cfz]

Figure 2-13: Steady Flow Data Editor

To enter the boundary conditions, the Reach Boundary Conditions button
was selected and this resulted in the display shown in Figure 2.14. For this
example, a subcritical analysis was performed. Therefore, a downstream
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boundary condition was required for each flow value. The mouse arrow was
placed over the downstream field and then the box was selected
(highlighted). Then, 1 of the 4 boundary conditions was selected and this
caused the type of boundary condition that was chosen to appear in the
downstream end of the reach.

Steady Flow Boundary Conditions

+ Set boundary for all profiles " Set boundary for one profile at a time

Available Esternal Boundan Candtion Types

Fnown WS, | Critical Depth | Mormal Depth | Rating Curve I Delete I

ched Boundary Condition Locations
River FReach Prafile |pztream Dowriztream
Beaver Creek, K.enbwond all

Steady Flow Heach-Storage Area Optimization ... ] Cancel Help

|Select Boundary condition for the downstrean side of selected reach.

Figure 2-14: Steady Flow Boundary Conditions

For this example, Known W. S. was selected. This caused the input editor as
shown in Figure 2.15 to appear. For each of the flows, the known
downstream water surface elevations of 209.5, 210.5, and 211.8 feet were
entered for the flows 1, 2, and 3, respectively. These values were obtained
from observed data on the USGS Atlas.

For the purposes of the analysis, if the downstream boundary conditions are
not known, then the modeler should use an estimated boundary condition.
However, this may introduce errors in the region of this estimated value.
Therefore, the modeler needs to have an adequate number of cross sections
downstream from the main area of interest so that the boundary conditions
do not effect the area of interest. Multiple runs should be performed to
observe the effect of changing the boundary conditions on the output of the
main area of interest. For a detailed explanation of the types of boundary
conditions, refer to Chapter 7 of the User’s Manual and Chapter 3 of the
Hydraulic Reference Manual. After entering the boundary condition data,
the OK button was selected to exit the editor. This completed the necessary
input for the flow data and the steady flow data was then saved as "Beaver
Cr. - 3 Flows."
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Flow [cfz) Frown 'S EL ]
1( 5000 2095
2( 10000 2105
3[ 14000 211.8

ak. Cancel

Figure 2-15: Known Water Surface Boundary Conditions

Pressure/Weir Flow Simulation

To perform the steady flow analysis, from the main program window Run and
then Steady Flow Analysis were selected. This activated the Steady Flow
Analysis Window as shown in Figure 2.16. First, it was ensured that the
geometry file and steady flow file that were previously developed appeared in
the selection boxes on the right side of the window. Then, for this simulation,
a subcritical flow analysis was selected. Additionally, from the Steady Flow
Analysis window, Options and then Critical Depth Output Option were
selected. An "x" was placed beside the option for Critical Always
Calculated. This may require additional computation time during program
execution, but then the user can view the critical depth elevation at all river
stations during the review of the output.

B Steady Flow Analysis AEG
File Options  Help
Flan: |Pressweir Method Shot D lm
JOETERD R Beaver Cr. + Bridge - PAw/ ]
Steady Flow File : |Beav3r T -3 Flows ﬂ
Flow Regime Plan Dezcrption :
{+ Subcrtical EI
" Supercritical
" Mixed

CORFOTE |

Enter to compuke water surface prafiles

Figure 2-16: Steady Flow Analysis

Select Options and then ensure that there is a check mark "00" in front of
Check data before execution. This will cause the program to check all of
the input data to ensure that all pertinent information was entered. Next, the
options were saved as a plan entitled "Press/Weir Method," with a Short ID
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entered as "Press/Weir." Finally, COMPUTE was selected at the bottom of
the window.

Review of Pressure/Weir Flow Output

After the program has completed the analysis, the last line should read
"PROGRAM TERMINATED NORMALLY." This window is closed by double
clicking the bar in the upper left corner of the display. From the main
program window, View and then Water Surface Profiles were selected.
This displayed the profile plot as shown in Figure 2.17, showing the water
surface elevations and critical depth lines for all three profiles. (Note: the

variables that are displayed can be changed by selecting Options and then
Variables.)

From Figure 2.17, it can be seen that all three of the flow profiles are
occurring in the subcritical flow regime. This ensures that for the low flow
analysis, Class A low flow (subcritical flow) was occurring through the bridge.
Low flow occurred for the first (5000 cfs) and for the second (10000 cfs) flow
profiles. For the high flow, the method of analysis was chosen to be
pressure/weir flow. Pressure and weir flow occurred during the third flow
profile (14000 cfs). One way to determine the type of flow that occurred is
by viewing the bridge only output table. This table is presented in Figure
2.18 and was activated from the main program window by selecting View,
Profile Table, Std. Tables, and then Bridge Only.

Single Bridge - Example 2 Press/Weir Method

Geom: Beaver Cr. + Bridge - P/W  Flow: Beaver Cr. - 3 Flows

i Kentwood
220- // Legend

-

WS May '74 flood
_ Yo May 1 reod

WS 100 yr
,,,,, I
Crit May '74 flood
= WS 25yr
 210v—%"~ _-"" "~ === A - -
c Crit 100 yr
s 1 T - -
© Crit 25 yr
>
m Ground

T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T |
0 1000 2000 3000 4000 5000 6000
Main Channel Distance (ft)

Figure 2-17: Profile Plot for Pressure/Weir Analysis

For this example there is only one bridge located at river station 5.40, as
listed in the table. Pressure flow calculations were set to begin when the
energy grade line elevation of the upstream section (5.41) was greater than
the highest elevation of the upstream low cord (215.7 ft). The first column in
Figure 2.18 shows the energy grade line elevation of the upstream section
(EG US) and the second column shows the elevation when pressure flow was
set to begin. A comparison of these two columns shows that pressure flow
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occurred for the third profile. Additionally, it can be seen that weir flow
occurred for the third profile, since there is a weir flow value for the third
profile. The following sections detail the output for the first two profiles and
then for the third flow profile.

i Profile Output Table - Bridge Only

Eile Options Std. Tables Locations Help

HEC-HAS Plan: Pr 1k River: Beaver Creek h: K.entwood
Feach River Sta | Profile E.G. US. [MinEl Prz| BR Dpen Area| Pre 0'WS| O Total [ Min EWeir Flow| G 'Weir | DeltaEG
[Ft] 1] [=q ft] 1] [cfz] [ft] [cfz] [ft]
K.entwood| 5.4 250 2133 215,70 1600.36 A000.00 216.94 026
Kentwood| 5.4 100 pr 21566 21570 1600.36 10000.00 21694 054
K.entwood| 5.4 Map 74 flood| 21767 21570 1600.36) 221.59 714000.00 21694 306266 167

Figure 2-18: Bridge Only Summary Table for Pressure/Weir Flow

First and Second Flow Profiles. The first (5000 cfs) and second (10000
cfs) flow profiles were both computed using the low flow methods of: Energy,
Momentum, and Yarnell. From the main program window, select View,
Profile Table, Standard Tables, and then Bridge Comparison. This will
provide a comparison table for the different energy loss methods and is
shown in Figure 2.19.

In Figure 2.19, the three rows display the results for each of the three flow
profiles, in ascending order. The river station is set at 5.4 (the only bridge
location for this reach). The fourth column shows the water surface elevation
immediately upstream of the bridge. The sixth, seventh and eighth columns
show the results of the low flow methods that were chosen to be computed:
Energy, Momentum, and Yarnell Methods, respectively. The program
compared the results and used the value with the greatest energy loss. For
the first and second profiles, the energy method calculated the greatest
energy losses and the program used the results of 213.31 and 215.66 feet,
respectively.
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i Profile Output Table - Bridge Comparison

File Opfions Std. Tables Locations Help

HEC-BAS Plan: Pressweir b River Beaver Creek  Beach: Kenbwood

Reach Riwer Sta | Prafile E.G. U5 |w. 5 S |BrSel Method| Energy EG| Mamen. EG|arnell EG| wSPRO EG| Pre 0 EG | Pra/wirEG
[ft] [it) [ft] [ft] [it) [it) (i) [ft]

Kentwood| 5.4 25 ur 21331 213.03]  Energy only 2133 213.30 21310

Kentwood| 5.4 100 yr 21566 21505  Energy only 215.66 215.60 215,27

Fentwood| 5.4 Map Fdflood| 21767 21743 Presz/weir 21736 221,66 217 67

KIN 2]

Figure 2-19: Bridge Comparison Table for Pressure/Weir Flow Analysis

Third Flow Profile. The third flow profile was computed for a flow of 14000
cfs. As can be seen in Figure 2.18, approximately 3050 cfs of the total flow
was weir flow. The remaining flow, approximately 10950 cfs, was pressure
flow through the bridge opening. As can be seen in Figure 2.19, the energy
grade line necessary for pressure-only flow was 221.66 feet. Since this value
is greater than the upstream high cord, weir flow also developed. Therefore,
the program used the pressure/weir energy value as the solution to the high
flow method, namely 217.67 feet.

Energy Method Analysis

2-22

As a second approach to analyze the three flows, the energy method will be
used instead of the pressure/weir flow method for the high flows. From the
Steady Flow Analysis Window, select File, Open Plan, and then select
"Energy Method." This will activate the plan that employed the energy
method for the analysis. The following discussion outlines the procedure used
to develop this plan.

Energy Method Data and Simulation

To enter the data for the energy method, from the main program window
Edit, Geometric Data, the Bridge/Culvert icon, and then the Bridge
Modeling Approach icon were selected. This activated the Bridge
Modeling Approach Editor as was shown in Figure 2.11. The Energy Only
(Standard Step) option was then selected as the high flow method (instead
of the Pressure/Weir method). Then, the editor was closed and the geometry
was saved as "Beaver Cr. + Bridge - Energy." Next, Run and then Steady
Flow Analysis were selected from the main program window. This activated
the Steady Flow Analysis Window. The geometry file was selected as
"Beaver Cr. + Bridge - Energy" and the steady flow file was "Beaver Cr. - 3
Flows" (the same steady flow file as used previously). Then, a Short ID was
entered as "Energy" and the options were saved as the plan "Energy Method."
Finally, COMPUTE was selected to perform the steady flow analysis.
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Review of Energy Method Output

From the main program window, select View, Profile Table, Standard
Tables, and then Bridge Comparison. This bridge comparison table is
shown in Figure 2.20. For the first and second profiles, the table shows the
same results as for the pressure flow analysis. This is as would be expected
since the first and second profiles were calculated using the same low flow
procedures. For the third profile, the energy method was used to calculate
the energy losses through the bridge for this high flow and resulted in an
energy gradeline elevation of 217.36 feet.

& Profile Output Table - Bridee Comparison

File Options Std. Tables Locations  Help

HEC-RAS Plan: Energy  Biver Beaver Creek  Beach: Kenbwood Reload Data
Feach Fiver Sta | Profile E.G. S, |"W.5. 115, | Br Sel Method| Energy EG| Momen. EG| armel EG|WSPRO EG| Pre O EG | Pra/wrEG

i) [t} [ft] ift) [t} [t} [ft] ift)

Fentwood| 5.4 25 ur 213318 21303 Energy only 2123 21330 21310
Kentwood| 5.4 100 yr 21566 215.058  Energy only 215.66 21560 215,27
Kentwood| 5.4 May 74 flood| 217.36) 21709  Energy only 21736
[« | M

Upstream energy grade elevation at bridge or culvert [specific to that opening, not necessanly the weighted average).

Figure 2-20: Bridge Comparison Table for Energy Method Analysis

Evaluation of Cross Section Locations

As stated previously, the locations of the cross sections and the values
selected for the expansion and contraction coefficients in the vicinity of the
bridge are crucial for accurate prediction of the energy losses through the
bridge structure. For this example, the locations of the cross sections and the
energy loss coefficients were evaluated for the high flow event. The following
analysis is based on data that were developed for low flow events occurring
through bridges and the modeler should use caution when applying the
procedure for other than low flow situations. Each of the reach length and
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